Abstract
Introduction 24 25
Wind energy is one of the growing renewable energy industries. In recent years, hundreds of 26 wind farms, frequently in unmanned and remote areas, have been built. As the size of wind 27 power projects keeps increasing, the need for reducing the downtime and making the best use 28 of availability is essential. Wind turbines are becoming more established as an economically 29 viable alternative to fossil-fueled power generation. The potential of the wind turbine could 30 meet the demand in two times over in many places around the word [21] . The continuous 31 monitoring and fault diagnosis of wind turbine systems (generators, blades, and drive trains) 32 can be the most effective way to reduce the operational and maintenance costs of these systems 33 and increase their reliability. With good data acquisition and appropriate signal processing, 34 faults can thus be detected while components are operational and appropriate actions can be 35 planned in time to prevent damage or failure of components. Maintenance tasks can be planned 36 and scheduled more efficiently, resulting in increased reliability, availability, maintainability 37 and safety (RAMS) whilst downtime, maintenance and operational costs are reduced [29] . The 38 gearbox steps up the speed from the input shaft (approx. 20 rpm.) to the high-speed shaft 39 (approx. 1500 þ rpm.). The high-speed bearings, which support both radial and thrust loads, 40 are highly susceptible to failure, being subjected to continue variable speed, load and accepted as key signal processing methods for wind turbine gearbox monitoring [3, 18, 26 Additionally, the results showed sensitivity to the direction of vibration measurement [10] .
27
Zhang and others applied data mining algorithms and statistical methods to analyse the jerk In this paper, a crack fault in the high-speed bearing has been investigated using vibration 2 analysis. The analysis has been performed using newly developed energy index and outer race 
Vibration Measurements 8
The dataset used in the current study was extracted from the high-speed shaft of a two MW 9 commercial wind turbine with measurements taken for fifty consecutive days by using the 10 vibration-based method. The accelerometers were micro-electromechanical systems (MEMS) 11 based. The component under examination was the high-speed bearing which is housed on the 12 tail of the gearbox. The bearing defect was detected by a sensor which has been mounted 13 radially on the bearing support ring. Fig. 2 shows the defect in the high-speed shaft bearing. waveforms, which were recorded at 1800 rpm. The data was sampled at 97656 sps for 6 s [6].
16
Bearing envelope analysis was performed by a band passing the signal be-tween 9 and 11
17
KHz. The Fast Kurtogram Matlab code and other codes were used on the heterodyned signal.
18
Statistical parameters such as kurtosis, crest factor, and energy index were calculated. Table 1 19 below lists the operation details of the wind turbine which has been monitored until the high-20 speed shaft bearing failed. analysis, see Fig. 3 . The extracted signals from the faulty rolling elements can be processed 
Time domain analysis 17 18
The extracted data, in general, have a tendency to be high noisy because of overlapping signals To understand the trend of the degradation signals, originating from bearings, linear or 10 exponential models were widely employed to fit the features extracted for the acquired signals.
11
In this research work, the following exponential model could fit the different fault indicators. The time series data has further been processed using Fast Fourier Transform FFT to obtain 8 frequency spectrum. Fig. 6 depicted the power spectrum of the vibration signal collected on 9 the day 15. Observations from this figure show multiple peaks at 3500 Hz and 10 KHz.
10
However, no fault frequencies can be identified due to high noise level and existence of strong 11 signal from gears and shafts. Thus, the vibration signal was further studied to reduce the noise 12 level and extract bearings fault frequency. To achieve this task, the authors employed the 13 envelop analysis. In envelope analysis, the vibration signal is filtered at high fre-quency band 14 to extract bearing impacts. The frequency band characteristic has been obtained using spectral 15 kurtosis (SK). The filtered signal then processed using frequency analysis. collected on day 20 and day 50. Then this band has been used to flitter out the vibration signal.
19
To obtain the frequency spectrum, the filtered signal has further been processed; samples of The use of this indicator could also provide another way to measure how the bearing deviates 17 from its normal health conditions. 
Discussion and Conclusion

5
The techniques used in this paper are typically used for applications where strong background 6 noise masks the defect signature of interest within the measured vibration signature. this paper 7 motivated by a lack of real world application data and especially for detecting of bearing Index is relatively recent and this paper enhances the understanding of this technique as means 13 of obtaining condition information in these intricate conditions. Amplitude (V^2)
Days
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16
Results obtained from the analysis of condition indicators showed that the energy index as a 1 consistent fault measure of the fault severity, and it had less drops as the fault progressed. On 2 contrary crest factor, kurtosis and inner race bearing fault showed some level variation with 3 progress of the crack. Thus, energy index can be used to provide a good severity measure of 4 the bearing fault. Overall, the signal processing techniques used in this study proved their 5 ability in detection of crack fault within wind turbine gearbox. In addition, combination use of 6 these techniques will in turn provide the analyst with more reliable diagnosis tools for online 7 monitoring of wind turbines.
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